The epidemiological approach to determining aetiology begins with a study of the variations in the prevalence or incidence of the disease followed by a search for a risk factor whose distributon relates to these variations. The selection of possible risk factors may be guided by laboratory models that mimic the disease, a strong relation between the prevalence ofthe disease and those standard risk factors collected in descriptive surveys such as age, sex, occupation, social class or place ofresidence, or there may be a strong seasonal or secular trend in the incidence of the disease that may offer a clue to the risk factors that ought to be studied.
Distribution of asthma
Asthma is greatly under-represented in the poorest parts of the world, appearing rapidly only as populations adopt a westernized lifestyle either through local development or through migration. Differences in the prevalence of asthma have been recorded between the highland and the more developed coastal populations in Papua New Guinea', between urban and rural populations in Africa2'3 and between migrant Tokeluans in New Zealand and native Pacific islanders4. In South Africa, van Niekerk and his colleagues3 reported a 20-fold difference in the prevalence of a bronchial response to exercise between the Xhosa children living in a rural area compared with those living in a township near Cape Town. The consistency of these reports may provide one of the few epidemiological clues to the aetiology of the condition. They do not, however, fit in with current theories concerning the aetiology of the disease.
Inadequacy of recent hypotheses on the aetiology of asthma The aetiology of asthma has been explained in terms of 'heredity', 'incitement', amd 'induction'5. 'Incitement' is the immediate bronchoconstriction noted among asthmatics and others to 'nonspecific' stimuli. 'Induction' is the enhancement of the response to 'inciters' that can follow exposure to certain stimuli, mostly inflammatory agents such as allergens, infections and other irritants, including industrial contaminants such as`4he plicatic acid from Western Red Cedar wood.
There is good reason to believe in a hereditary component to asthma, different components of the condition having possibly independent genetic origins. The best documented genetic component is the familial allergy to ragweed6, and Sibbald et al.7 have argued for independent hereditary components that influence atopy and bronchial responsiveness.
However, migrant studies strongly suggest the major determinant to be environmental and not genetic. Both Tokeluans4 and Xhosas3 clearly have the genetic potential for developing asthma, but this is expressed only on migrating to an economically more developed area.
Isolated examples, such as the increase in asthmatics attending emergency rooms following the eruption of the Mount Helen's volcano8, may be explained in terms of incitement, but there are major objections to using this mechanism as a general explanation for differences in the prevalence ofasthma. The wide variety of substances capable of inducing bronchoconstriction in asthmatic subjects can be divided into endogenous mediators such as histamine, prostaglandins or leukotrienes, and exogenous agents such as sulphur dioxide, volcanic ash or cold dry air. For the epidemiologist attempting to explain the prevalence of asthma, the endogenous mediators are unhelpful. The discovery of a mediator whose presence distinguishes asthmatic from nonasthmatic populations would be useful, but in turn would raise the question of why one population had more of the mediator than the other population. For the reason discussed above, a genetically controlled explanation can be discounted, which leaves an environmental factor to increase the amount of mediator in the asthmatic population. This is essentially the same as the initial question of what environmental factor might account for differences in the prevalence of asthma.
Exogenous inciters, being environmental in origin, theoretically offer a better hope of advancing the issue further, but, in the event, are no more helpful. Differences in the prevalence of asthma are not accounted for simply by differences in the incidence of clinical symptoms provoked by environmental triggers. They also reflect differences in the underlying prevalence of bronchial hyper-responsiveness. In van Niekerk's study3, it was the response to the exercise challenge that differed between urban and rural areas. This cannot be explained simply in terms of the prevalence of inciters in the environment.
'Induction' provides a more promising general theory with which to explain differences in prevalence. There is plenty of evidence that induction does occur, particularly in an industrial context and this has been used extensively as a general model for the aetiology ofasthma. It does not, however, explain the distribution of asthma in developing countries. Agents that have been shown to induce asthma are abundant in the Third World. Acute respiratory infections are probably the single most important cause of death among children9; yet even where The Royal Society of Medicine asthma is found, the children are generally spared10. Allergens are almost ubiquitous, and differences in the prevalence of positive skin tests have not explained major differences in the prevalence of asthma in the developing world2" l. Even the idea that rural populations in developing countries are spared from the general inflammatory agents ofair pollution is doubtful. The burning of biomass fuels in unventilated huts is a major problem in several countries"'12 and the prevalence of chronic bronchitis is high in many of them.
What could explain the differences in asthma prevalence? Any risk factor proposed to explain the major differences in asthma prevalence should arise universally and rapidly in the acculturation of individuals to a more westernized way of life. This paper will explore only one ofmany possibilities, an increased consumption of sodium. Salt consumption increases markedly as societies adopt a westernized way of life'3 and has wide-ranging physiological effects. The hypothesis that salt might potentiate asthma has proved fruitful in explaining some aspects of the distribution of the condition.
Finding a data set on which to test the hypothesis The close association between asthma and a westernized lifestyle in the developing world does not allow a convincing test of the hypothesis. A causal relation could not easily be distinguished from an association through some third confounding factor generally linked to a westem way of life. However, it is likely that in an established western culture, the prominence and strength of any such confounding factors are reduced and it may therefore be possible to devise a plausible test of the hypothesis.
The rest of this paper describes two studies which examine this hypothesis further. The first" was an analysis of the mortality data from the Standard Regions of England and Wales for the years 1969-1973 and the dietary data collected for the same Regions and the same years by the Ministry of Agriculture, Fisheries and Food (MAFF) food survey. The second study is a survey of men in the Basingstoke area, which analysed the relationship between bronchial response to histamine and the 24-hour excretion of sodium". (Figure 1 ). The differences in table salt purchases 'account for' 64% of the variation in adult male asthma mortality and 68% of childhood asthma mortality. Not only are these relationships strong and significant (P<0.05), but they are also specific to asthma. Overall mortality is highest in the north and the west, whereas asthma mortality among these two groups is higher in the west and the south.
In the age group 15-64 years, both total malg mortality and total female mortality are negatively related to table salt purchases, though the relation- (Table 1) . This is strong circumstantial evidence in support of the hypothesis that asthma may be potentiated by the consumption of salt, though a number of cautionary notes must be made. First, neither asthma prevalence nor sodium intake was measured in this study. Such evidence as there is would indicate that asthma mortality does reflect asthma prevalence, but how closely is not known. Regional table salt purchases, though they represent only about 30% of the dietary sodium purchased, are very strongly related --i to estimates of the sodium content of food purchases as a whole. A second obvious problem is the inconsistency of the findings, with adult women not showing the same pattern as the men or the children. This is undoubtedly a serious problem, but it is one that is shared by all environmental theories that attempt to explain the prevalence of asthma. The SMR for asthma among adult women is negatively related to the SMRs of both children and men (Table 1) , although it is hard to think of any aspect of the environment that is experienced by men and children but not by adult women. The anomaly may be partly explained by the clinical definition of asthma. In Tucson, Arizona, Dodge and Burrows16 noted that adult women with symptoms and smoking habits indistinguishable from those ofmen with chronic bronchitis were, unlike the men, commonly labelled as asthmatic. That a similar problem exists with classification of cause of death is supported by the strong association between adult female asthma mortality and the prevalence of smoking among women (r2=0.72; P<0.05); there is no such relationship between male asthma mortality and the prevalence of smoking among men. The next question must be whether evidence can be found to support such a hypothesis in analysing data from individual subjects.
Relation between bronchial hyperresponsiveness and 24-hour sodium excretion
The adult inhabitants (age group i8-64 years) of two villages in the Basingstoke area were sent questionnaires enquiring about their health, and specifically about chest symptoms. A random sample ofthose that replied and all those who said that they had had wheezing or whistling in their chest at any time in the last year were invited to come for a histamine challenge test and for skin-prick tests against three common allergens. All the men who came were also asked to collect a 24-hour specimen of urine, and this was analysed for sodium, potassium and creatinine'5.
It had been shown previously that bronchial response to histamine was strongly related to skin sensitivity to allergens, though this relationship diminished with age, and to current cigarette smoking, a relationship which strengthened with age1.7 These associations were therefore controlled for in the analysis ofthe data and, in addition, height was added as a covariate, which along with urinary creatinine made some correction for incomplete urine specimens. Of 138 participants, 43 were reactive to 8 umol of histamine or less. The mean sodium excretion per 24 hours was 150 mmol. After controlling for the other confounding variables, there was a strong and significant relationship between the log dose of histamine required to produce a 20% fall in FEV1 (PD20) and the log ofthe 24-hour sodium excretion (P< 0.02) ( Table 2 ). The 6-fold difference noted in sodium excretion (approximate 95% range) would be estimated to alter the PD20 by 12-fold.
Again the strength and the significance of the relationship are good evidence in support of the general hypothesis that salt potentiates asthma, though they do not amount to proof. It is still possible that some other confounding factor such as a food additive is responsible for the effect and that sodium excretion serves merely as a marker. Taking the evidence together this seems most unlikely, but epidemiology is a blunt tool with which to settle the issue without doubt. To do this an experimental approach is required and, for this reason, we have embarked on a study to see whether the experimental manipulation of the diet alters the bronchial response to histamine.
Conclusions
No physiological theory currently exlains the distribution of asthma, but it is reasonable to ask whether the proposal that sodium potentiates asthma can be explained in physiological terms. This remains a doubtful point, but it has been shown that hypersensitized bronchial smooth muscle from a number of species is leaky to sodium, that the consequent increase in ouabain-sensitive sodium efflux leads to hyperpolarization of the muscle which also becomes hyper-responsive to applied stimuli18' 9. This evidence provides a suggestive clue that may link the epidemiological and physiological explanations of asthma.
If salt is causally related to the prevalence of asthma, then although the relationship presented here is not, perhaps, so strong as to suggest that dietary sodium restriction will be an adequate treatment for asthma, preventive health may be provided with a powerful weapon against asthma which, until now, it has not had. As asthma mortality continues to rise, this gives some occasion for hope. Regional sodium intakes vary by a factor of two, subregional intakes will vary by more, and individual intakes in our survey were estimated even within two neighbouring villages to vary by as-much as 6-fold. If the hypothesis stands up to rigorous experimental testing, there is a strong possibility of reducing the prevalence of severe asthma by reducing the sodium consumption of the population.
